Abstract-In this paper, we present a new method for fuzzy query processing for document retrieval based on extended fuzzy concept networks. In an extended fuzzy concept network, there are four kinds of fuzzy relationships between concepts, i.e., fuzzy positive association, fuzzy negative association, fuzzy generalization, and fuzzy specialization. An extended fuzzy concept network can be modeled by a relation matrix and a relevance matrix, where the elements in a relation matrix represent the fuzzy relationships between concepts, and the elements in a relevance matrix indicate the degrees of relevance between concepts. The implicit fuzzy relationships between concepts can be inferred by the transitive closure of the relation matrix. The implicit degrees of relevance between concepts also can be inferred by the transitive closure of the relevance matrix. The proposed method is more flexible than the ones presented in [8] and [17] due to the fact that it allows the users to perform positive queries, negative queries, generalization queries, and specialization queries. The proposed method allows the users to perform fuzzy queries in a more flexible and more intelligent manner. Index Terms-Document retrieval, extended fuzzy concept networks, fuzzy query processing, relation matrix, relevance matrix.
I. INTRODUCTION
In [24] , Salton et al. pointed out that an information retrieval system is a system which is used to store items of information that need to be processed, searched, retrieved, and disseminated to various user populations. The primary purpose of establishing an information retrieval system is to assist the users to efficiently acquire information [8] . Most commercial information retrieval systems currently still adopt the Boolean logic model. These information retrieval systems are based on the assumption that documents can be precisely described by sets of index terms and that information needed by the users can be represented by Boolean search requests. However, the information retrieval systems based on the Boolean logic model are rather restricted in applications due to the fact that these systems are unable to represent uncertain information. If there is uncertain information, the query processing of these systems is not handled properly [8] . In recent years, several fuzzy information retrieval methods based on fuzzy set theory [27] have been proposed for improving the disadvantage of the Boolean logic model, such as [8] , [9] , [12] , [17] - [21] , [25] , and [28] .
In [8] , we presented a knowledge-based fuzzy information retrieval method to deal with document retrieval, where concept matrices are used for knowledge representation, and simple queries, weighted queries, interval queries, and weighted-interval queries are allowed for document retrieval. In [9] , Ke et al. presented a fuzzy information retrieval system model for document retrieval. In [12] , Kamel et al. presented a fuzzy query processing method using clustering techniques. In [17] , Lucarella et al. proposed an information retrieval method based on fuzzy concept networks. In [18] , Murai et al. presented a fuzzy document retrieval method based on two-valued indexing. In [19] , Miyamoto presented a fuzzy information retrieval method based on fuzzy associations. In [20] , Radechi presented a mathematical model of information retrieval system based on the theory of fuzzy sets. In [21] , Radechi presented a fuzzy set theoretical approach to document retrieval. In [25] , Tahuni presented a fuzzy model of document retrieval system. In [28] , Zemankova presented a fuzzy intelligent information system FIIS. However, either efficiency or effectiveness of these methods are not satisfied. Thus, there is an increasing demand to develop a more powerful fuzzy information retrieval method to deal with document retrieval.
In [8] , we have presented a method to deal with document retrieval based on concept networks [17] , where concept matrices are used for modeling concept networks. The method presented in [8] is more flexible than the ones presented in [9] and [17] due to the fact that it has the capability to deal with interval queries and weightedinterval queries. However, there is only one kind of fuzzy relationship between concepts in the concept networks presented in [8] and [17] , i.e., fuzzy positive association relation. If we can provide more kinds of fuzzy relationships between concepts in a concept network, then there is room for more flexibility. In [14] , Kracker has presented a fuzzy concept network model which has four kinds of fuzzy relationships between concepts, (i.e., fuzzy positive association, fuzzy negative association, fuzzy generalization, and. fuzzy specialization) for supporting database queries. In this paper, we generalize the definitions of fuzzy concept networks presented in [8] , [11] , and [17] to propose the concept of extended fuzzy concept networks based on [14] . We also present a new method for document retrieval based on the extended fuzzy concept networks. In an extended fuzzy concept network, there are four kinds of fuzzy relationships between concepts, i.e., fuzzy positive association, fuzzy negative association, fuzzy generalization, and fuzzy specialization. An extended fuzzy concept network can be modeled by a relation matrix and a relevance matrix, where the elements in a relation matrix represent the fuzzy relationships between concepts, and the elements in a relevance matrix indicate the degrees of relevance between concepts. The implicit fuzzy relationships between concepts can be inferred by the transitive closure of the relation matrix. The implicit degrees of relevance between concepts also can be inferred by the transitive closure of the relevance matrix. The proposed method is more flexible than the ones presented in [8] and [17] due to the fact that it allows the users to perform positive queries, negative queries, generalization queries, and specialization queries. The proposed method allows the users to perform fuzzy queries in a more flexible and more intelligent manner.
The rest of this paper is organized as follows. In Section II, we briefly review the definitions of concept networks from [8] and [17] . In Section III, we present the definitions of extended fuzzy concept networks. In Section IV, we use relation matrices and relevance matrices to model extended fuzzy concept networks. In Section V, we propose a new method for document retrieval based on extended fuzzy concept networks. The conclusions are discussed in Section VI. 
Similarly, if F (C 1 ; C 2 ); F (C 2 ; C 3 ); 1 1 1 ; and F (C n ; C n01 ) are known, then we can get
(2) In a concept network, each document has a different relevance value with respect to each concept. The document descriptor [8] for the document d j is defined as a fuzzy subset of the collection of concepts by the following expression: Based on [17] , the relevance value of document d2 with respect to concept C 3 can be determined as follows: 2) The second route is C 3 ! C 4 ! C 2 ! d 2 :
Based on [17] , the relevance value of document d 2 with respect to concept C3 can be determined as follows: min (0:9; 0:9; 1) = 0:9:
3) The third route is:
Based on [17] , the relevance value of document d 2 with respect to concept C3 can be determined as follows: The reasoning procedure should be repeated n times if there are n documents. However, there is only one kind of fuzzy relationship between concepts in the concept networks presented in [8] and [17] , i.e., the fuzzy positive association relation. If we can provide more kinds of relationships between concepts in a concept network, then there is room for more flexibility. In Section III, we will generalize the concepts of concept networks to propose the concepts of extended fuzzy concept networks which allows four kinds of fuzzy relationships between concepts, i.e., fuzzy positive association, fuzzy negative association, fuzzy generalization, and fuzzy specialization. More powerful knowledge representation capability is consequently provided for.
III. EXTENDED FUZZY CONCEPT NETWORKS
In this section, we propose the definitions of extended fuzzy concept networks based on [14] . The extended fuzzy concept networks are more general than the fuzzy concept networks presented in [8] , [11] , [14] , and [17] . There are four kinds of fuzzy relationships between concepts in an extended fuzzy concept network, i.e., fuzzy positive association, fuzzy negative association, fuzzy generalization, and fuzzy specialization. The fuzzy relationships between concepts are described as follows.
1) Fuzzy positive association relates concepts which in some contexts have a fuzzy similar meaning. 2) Fuzzy negative association relates concepts which are fuzzy complementary, fuzzy incompatible or fuzzy antonyms. 3) Fuzzy generalization is a concept that is regarded as a fuzzy generalization of another concept if it includes that concept in an analytic or partitive sense. 4) Fuzzy specialization is the inverse of the fuzzy generalization relationship. The fuzzy relationships between concepts introduced above are described formally as follows. which is anti-reflexive, antisymmetric, and max-3 -transitive.
Furthermore, the following restrictions hold [14] . for every c i ; c j 2 C:
In the following, we present the definition of extended fuzzy concept networks. 
In an extended fuzzy concept network, if the fuzzy relationship between concept ci and concept cj is F Rij; and if the fuzzy relationship between concept c j and concept c k is F R jk ; then the fuzzy relation F R ik between concept c i and concept c k can be obtained by Table I , where P, N, G, and S stand for fuzzy positive association, fuzzy negative association, fuzzy generalization, and Table I , the first row shows the four possible fuzzy relationships of F Rij ; and the first column shows the four possible fuzzy relationships of F R jk : The other elements in the table are the combination of F R ij and F R jk : From Table I , we can see that the combination of two relationships of the same type results in a relationship of this type except for negative associations (N) which get positive associations (P). In Table I , we let these four kinds of fuzzy relationships have different priorities, i.e., the negative association (N) has the highest priority, generalization (G) and specialization (S) have lower priority, and the priority of the positive association (P) is the lowest. In Table I , the combination of the high priority relationship and the low priority relationship results in a relationship of high priority except the combination of generalization (G) and specialization (S) which results in positive association (P).
In order to describe the different relevance degrees and fuzzy relationships between documents and concepts, we can represent the documents by extended fuzzy sets which are fuzzy subsets of the set of concepts, where extended fuzzy sets are the generalization of fuzzy sets [27] . For example, let C be a set of concepts. Then, a document d j can be represented as follows: 
IV. RELATION MATRICES AND RELEVANCE MATRICES
In this section, we present the definitions of relation matrices and relevance matrices which can be used to model the extended fuzzy concept networks. The definitions of the transitive closure of relation matrices and the transitive closure of relevance matrices are also presented. where n is the number of concepts, r ij 2 fP; N; G; S; Zg; 1 i n; and 1 j n: See (6), at the bottom of the next page, where " _ " is the operation of choosing the highest priority fuzzy relationship and "^" is the operation of choosing the combination of two relationships according to Table II, where Table II is similar to  Table I except that we add character "Z" to represent the relationship between concepts which is not explicitly defined by the experts. From Table II , we can see that the combination of two relationships of the same type results in a relationship of this type except for negative associations (N) which get positive associations (P). Furthermore, in Table II , we let these five kinds of fuzzy relationships have different priorities, i.e., the negative association (N) has the highest priority, generalization (G) and specialization (S) have the second highest priority, the priority of the positive association (P) is lower, and the relationships (Z) not explicitly defined by the experts have the lowest priority. In Table II , the combination of the high priority relationship and the low priority relationship results in a relationship of high priority except the combination of generalization (G) and specialization (S) which results in positive association (P). Then, there exists a positive integer p; where p n 0 1; such that In Section III, we have introduced that a document can be represented by an extended fuzzy set, where each concept represents a topic or an attribute. In this section, we use document descriptor relevance matrices and document descriptor relation matrices to represent documents, where the document descriptor relevance matrix is used to represent the relevance degrees between concepts and documents, and the document descriptor relation matrix is used to represent the fuzzy relationships between concepts and documents. The definitions of document descriptor relevance matrices and document descriptor relation matrices are presented as follows. where m is the number of documents, n is the number of concepts, r ij stands for the fuzzy relationship between document di and concept c j ; r ij 2 fP; N; G; S; Zg; 1 i m; and 1 j n:
In a document descriptor relevance matrix D and a document descriptor relation matrix M; the relevance degrees and fuzzy relationship between concepts and documents are given subjectively by experts. However, the experts may somehow forget to set some relevance degrees and fuzzy relationship between concepts and documents. In this case, we can obtain the implicit relevance degrees and fuzzy relationships between concepts and documents by means where T (hx; si; hy; ti) 2 [0; 1]: The larger the value of T (hx; si; hy; ti); the more the similarity between hx; si and hy; ti: Assume that the document descriptor relevance vector dvi (i.e., the ith row of the document descriptor relevance matrix D 3 ); the document descriptor relation vector dr i (i.e., the ith row of the document descriptor relation matrix M 3 ); the query descriptor relevance vector qv and the query descriptor relation vector qr are represented as follows: dvi = hsi1;si2; 111 ; sini dri = hti1;ti2; 111 ; tini qv = hx1; x2; 11 1;xni qr = hy1;y2; 1 11;yni where s ij 2 [0; 1]; x i 2 [0; 1]; t ij 2 fP; N; G; S; Zg; y i 2 fP; N; G; S; Zg; 1 j n; 1 i m; n is the number of concepts, and m is the number of documents. Let qv(j) and qr(j) be the jth element of the query descriptor relevance vector qv and the jth element of the query descriptor relation vector qr; respectively. If qv(j) = "-" or qr(j) = "-," then it indicates that concept c j is neglected by the user's query. The degree of satisfaction that document d i satisfies the user's query Q can be evaluated by RS(di) = qv(j)6 ="-" and qr(j)6 ="-" and j=1;111;n T (hsij; tiji; hxj;yji) If the retrieval threshold given by the user is = 0:5; then we can see that document d2 is not suitable to the user's query due to the fact that the retrieval status value of the document d 2 is less than the retrieval status value (where = 0:5). Furthermore, we also can see that the documents which satisfy the user's query are d 1 ; d 4 ; d 5 ; d 3 :
In this case, document d1 is the best choice for the user's query, due to the fact that it has the largest retrieval status value.
Consider the following OR-connected query Q Q = Q 1 or Q 2 where Q1 = f(c1 ; hx11; y11i); (c2; hx12; y12i); 1 1 1 (cn; hx1n; y1ni)g; Q2 = f(c1 ; hx21; y21i); (c2; hx22; y22i); 1 Assume that the user's query Q is as follows:
where the sub-query Q 1 can be represented by the query descriptor relevance vector qv1 and the query descriptor relation vector qr1
shown as follows: Because the retrieval status value given by the user is 0. Because the retrieval status value given by the user is 0.5 (i.e., = 0:5), we can see that the documents which satisfy the user's query are d1; d3; d4; and d5; where the document d2 is not suitable to the user's query due to the fact that the retrieval status value of the document d 2 is less than the retrieval status value (where = 0:5).
In this case, document d5 is the best choice for the user's query due to the fact that it has the largest retrieval status value.
VI. CONCLUSIONS
In this paper, we have presented the concepts of extended fuzzy concept networks, where there are four kinds of fuzzy relationships between concepts in an extended fuzzy concept network, i.e., fuzzy positive association, fuzzy negative association, fuzzy generalization, and fuzzy specialization. We also presented a fuzzy information retrieval method based on the extended fuzzy concept networks for document retrieval. The proposed method is more flexible and more intelligent than the ones presented in [8] and [17] due to the fact that it allows the users to perform positive queries, negative queries, generalization queries, and specialization queries. The proposed method allows the users to perform fuzzy queries in a more flexible and more intelligent manner.
